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Introduction
Many industrial countries have flattened their income tax systems over the decades. Japan is not an exception. While its national personal income tax system had 15 income brackets and imposed 70% tax as the top marginal tax rate in the 1980s, the tax reform in 1991 reduced the number of brackets to five and the top marginal tax rate to 50%. Another reform in 1999 flattened the system further by reducing the brackets to four and the top rate to 37%. Indeed, literature on optimal taxation contributed to the flattening of the tax system, emphasizing the importance of "incentives to work" via tax reduction and the significance of "welfare distortion" brought about by progressive taxes Hayashi 2005, 2011; Hayashi 2009 ). Thus, the flattening of the tax system in the 1999 reform must have aimed to improve welfare. However, no studies have attempted to evaluate empirically if the reform was actually desirable. Our first objective is to fill this gap in the literature by examining whether the 1999 tax reform in Japan was welfare improving.
One of the measures to evaluate the optimality of a tax system is the marginal cost of public funds (MCF) (Dahlby 2008) . The set of MCFs over different tax instruments indicates a desirable direction of tax changes, as an optimal set of tax rates requires their MCFs to be identical. However, since progressive income taxation presumes heterogeneous households, the MCF does not provide an ideal fit for our analysis, as they presume a homogeneous single-agent economy. The analogue to the MCF in a heterogeneous economy is the social marginal cost of public funds (SMCF) (Dahlby 1998 , Sandmo 1998 , Liu 2006 , Bessho and Hayashi 2013 . In particular, Dahlby (1998) formulated the concept of the SMCF and applied it to evaluate a progressive system of personal income taxes by estimating the SMCFs for each income bracket. The values of the SMCFs across different income brackets indicate the desirable direction the system should follow: an optimal system requires the SMCFs to 2 be equalized across the brackets. 1 In this study, we evaluate the 1999 national income tax reform in Japan by comparing the SMCFs for changing marginal tax rates in different income brackets.
However, this study is more than a simple application of SMCF analysis. In particular, we propose a method to calculate the SMCF that addresses the following three issues in the SMCF literature. The first issue concerns individual heterogeneity of labor supply along the extensive margin. To date, the literature has not proposed an SMCF that allows for individually heterogeneous labor supply response along the extensive margin, in addition to the one along the intensive margin. In their study on the SMCF, while Kleven and Kreiner (2006) considered both the intensive and the extensive margins, they modeled consumer heterogeneity by assuming different groups of identical households. While Bessho and Hayashi (2013) differentiated labor supply on an individual basis in their estimation of the SMCF, they restricted their analysis to the responses along the intensive-and not extensive-margin. The empirical studies do not help either. They typically estimate the two types of labor responses separately, one as a probability of labor market participation and the other as a continuous choice of labor supply after the participation (Kimmel and Kniesner 1998) . Estimating the SMCF from these two estimates is not straightforward. We address this issue by taking advantage of the discrete choice model (DCM) of labor supply, as it estimates labor supply responses along both the extensive and the intensive margins in a single estimation.
The second issue originates in the DCM estimation itself. Following Van Soest (1995) , an increasing number of studies utilized the DCM to analyze the effects of taxes and transfers on labor supply, because its estimation is robust to the existence of 3 non-convex budget sets typically caused by the systems of taxes and transfers (Blundell and MaCurdy 1999, Bargain et al. 2011) . Despite such popularity, however, the literature has not applied the DCM to estimate either the SMCF or the MCF. This is understandable since, by construction, the DCM presumes discrete choices of labor supply. When we estimate labor supply responses with the DCM, we cannot simply apply the standard SMCF formula that utilizes the compensated elasticity of and the income effect on continuous labor supply (Dahlby 1998) . In this study, we contribute to the literature by demonstrating how to apply the DCM to the SMCF estimation. Our proposed method calibrates discrete labor supply choices of individual households and simulates an analogue of the SMCF.
The third issue concerns the aggregation of individual welfare (utility), which is very much inherent in the definition of the SMCF. Our sample consists of singles and couples with or without children, each of whom has a different specification of the utility function with different values of structural parameters. It may thus be inappropriate to treat all their "raw" utility levels as comparable. To accommodate this difficulty, the empirical literature has proposed two aggregation methods. The first type artificially sets up an analogue of utility function, or a score function, that treats all types of households as if they were identical, and it aggregates the scores over all the households through a standard social welfare function (Ericson and Flood 2009, Aaberge and Colombino 2013) . Apparently, this sort of social evaluation imposes artificial preferences on households and therefore, does not respect their individual preferences or the Pareto principle (Decoster and Haan 2010 , Creedy et al. 2011 . Given this criticism, the second type of aggregation proposes a new metric that does not violate the Pareto principle. In particular, Decoster and Haan (2010) elaborated on such metrics by Fleurbaey (2006) and applied them to labor consumption choice. More importantly, Fleurbaey et al. (2013) operationalized one of the three metrics, which Fleurbaey (2008) called the "equivalent approach," to construct the distributional weights. We utilize this approach along with alternatives that are apparently ad hoc but seemingly popular. This study is thus one of the few studies that utilize Fleurbaey's distributional weights and possibly the first one that applies the concept to the SMCF.
The remainder of this paper proceeds as follows. Section 2 explicates the standard DCM estimation and our procedure to simulate the SMCF. Section 3 specifies household preferences, delineates the Japanese income tax system, and describes the sample and the variables used for the estimation. This section also estimates preference parameters and uses them to obtain the choice probabilities of households to quantify labor supply responses. Section 4 simulates the SMCFs for a small increase in the marginal tax rate in each of the five income brackets of the national personal income tax and discusses the results. Section 5 concludes this study.
Simulating the SMCF

The DCM Estimation of Preference Parameters
We first describe how to estimate preference parameters using the DCM of labor supply. We will utilize these parameters to simulate the SMCFs. We start with a single-member household i that faces J discrete levels of labor supply {h i1 , h i2 ,…, h iJ }.
Its utility level is
where U() is increasing in consumption c i and leisure l ij  T  h ij (T is time endowment), and unobservable error e ij  e(h ij ) is choice-specific. Since tax liability R i = R(W i h ij , Z i , ) depends on labor income W i h ij (W i is the gross wage rate), household characteristics Z i , and tax parameter , we can express the consumption level as ( , , )
We then see that the choice of h ij determines the utility level ( , , )
On the other hand, couple i faces J  J pairs of labor supply (h ij m ,h is f ) with j = 1, …, J and s = 1, …, J. This household is unitary and has a common utility function ( , , | ) 
where W i m and W i f are the husband's and the wife's gross wage rates respectively. Then, the consumption is
Choosing a pair (h ij m , h is f ) then yields a utility level ( , , , )
The SMCF
The literature conceptually defines the SMCF as a ratio of the reduction in social welfare S (normalized in monetary units) to a concurrent unit increase in revenue R (Dahlby 1998 , Sandmo 1998 , Liu 2006 . While previous studies have expressed the SMCF in several forms, Bessho and Hayashi (2013) expressed it as a sum of individual MCFs (IMCFs) that are twice weighted with distributional weights  i and changes in tax 6 liability share (dR i /dR). Thus,
where R   i R i is the total tax liability,  i is the marginal utility of income, and d(U i / i )/dR i is the IMCF and is defined as the reduction in individual utility caused by a unit increase in tax liability (Bessho and Hayashi 2013) . While this SMCF formula 2 presumes a continuous labor supply, the DCM of labor supply presumes discrete labor choices. We thus define the SMCF in discrete terms as
Note that the IMCF is now
where we assume a tax change that causes the tax liability of household i to increase from R i 0 to R i 1 , which reduces the household's utility level from U i 0 to U i 1 . The "marginal" utility of income  i is also redefined as a discrete quantity. Three elements need to be estimated: the IMCFs, changes in revenue share, and distributional weights.
The IMCF and Changes in Revenue Share
We base our calculation of the IMCFs as well as changes in revenue share on the behavioral DCM micro-simulation (Creedy and Kalb 2005, 2006) . To obtain the two quantities, we calibrate the unobserved random component of (1). We draw a vector with J elements from the I-EV distribution and find the "successful draw," a vector e i k 
[e i1 k , e i2 k ,…, e iJ k ] that makes observed labor choice h i = h i* optimal. With this draw and the estimated structural element of (1), we obtain the utility U ij 0k  U(h i , Z i ) + e i* k and 7 the tax liability R i 0 = R(h i , Z i ) before the tax change. We also simulate the corresponding quantities after the tax change as U ij 1k  U(h i** k , Z i ) + e i** k and R i 1k = R(h i** k , Z i ), where e i** k is the element in e i k that corresponds to the optimal choice after the change. We then obtain  i k by slightly increasing nonlabor income in a lump-sum manner conditional on e i k . These quantities together yield the simulated IMCF and the SMCF as follows:
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With the exception of the distributional weights (which we elaborate on in Section 2.4), the values of tax liability changes (R i 1k  R i 0k ) and the IMCFs depend on a given e i k . Since their values vary by a draw of e i k , so does the value of (9). To account for this, we generate K e i k s that yield K values of (10). We could then use these K estimates to characterize the empirical distribution of (10) with its average ( k SMCF i k /K) and its quartiles. We emphasize here that both formulations of (9) and (10) allow for labor supply responses along both the intensive and the extensive margins on an individual basis. This is because the simulation allows for cases where the tax change induces a change in labor supply from zero to a positive value. 
Distributional weights
where  measures the degree of inequality aversion. From (11), we derive the distributional weights for the SMCF as
If we restrict our analysis to single-member households, we could simply quantify the level of U i with preference parameter estimates and obtain (12). However, such a measure of individual welfare may not be comparable among the different types of households. The current set up utilizes different forms of utility function with different sets of preference parameters and household characteristics. We are thus not sure if we can validly compare utilities across such different types of households and aggregate them without adjustments.
To accommodate this difficulty, we use three alternate aggregation methods. The first two methods base themselves on analogues of (11): which is popular in the literature (Dodgson 1980 , 1983 , Brent 1984 , Poapongsakorn et al. 2000 , Creedy et al. 2011 ). While we may not have a firm theoretical foundation for (13), 4 we nonetheless use (13) with what Creedy et al. (2011) call "full income" M i , or the after-tax income that a household can earn when it uses the maximum hours of time 3 Dodgson (1980 Dodgson ( , 1983 used household income after all taxes and benefits normalized by corresponding average quantity and further adjusted with the equivalent scales. Poapongsakorn et al. (2000) used after-tax income normalized by the corresponding quantity for the highest income group. Creedy et al. (2011) used what they called "full income" (see footnote 7). 4 We can derive  i = y i  from (11) if the preferences are homothetic and households face identical prices. However, if progressive taxation is in place, the weight is no longer justifiable, as leisure prices are no longer identical, except when the BS-SWF is Nash ( = 1). See Bessho and Hayashi (2013) for more details. endowment. 5 We may then want to adjust (13) so that it allows for the difference in household size. We take two routes. First, we adjust the full income with the square root equivalent scale n i 1/2 , where n i is the number of household members. This yields the household size adjusted full income y i  n i 1/2 M i and the corresponding distributional
Second, we start with the household size adjusted per capita full income m i  M i /n i 1/2 , i.e., full income deflated by the root equivalent scale and further divided by household size. With this index, we set the i-th contribution in (13) as a household equivalent by deflating m i  = (M i /n i 1/2 )   by n i 1/2 , so that we have another distributional weight
As the last social weighting, we utilize the metric by Fleurbaey et al. (2013) ,
where c * is an equivalent income that replaces individual utility U i in (11). Fleurbaey et al. (2013) characterized the properties of (16) as follows. First, (16) satisfies the Pareto principle (i.e., respects individual preferences). 6 Second, since the equivalent income is in monetary units, the metric is comparable with quantity in monetary units (such as the IMCFs). Third, (16) is also applicable even when individual utilities are not comparable, since it is non-welfarist as it bases its ordering on ordinal and noncomparable preferences.
For the current case, the equivalent income (c * ) is the amount of numeraire c that 5 We then define Fleurbaey et al. (2013) originally applied this valuation to the health policy. In this study, we propose an application of their metric to the leisure-consumption choice, which coincides with the Rente criterion of Decoster and Haan (2010) and the intercept income of Preston and Walker (1999). combined with the maximum consumption of leisure (i.e., no labor supply) yields the same utility level as that obtained by a household consuming the realized bundle (c i , l i ).
Thus, we can implicitly define the equivalent income for a single household as
where e ij in (2) cancels out and does not affect the equivalent income. We can then express the equivalent income as a function ** ( , , , )
We can derive a distributional weight from (16) and (17) as * * ( , , ,
where the implicit function theorem shows c i
we specify U() in a quadratic form (see Section 3), it is straightforward to obtain c i * and c i * /c i . For couples, the procedure is analogous and obvious.
Empirical Implementation
This section applies the technique explained in Section 2 to the 1999 tax reform in Japan. In particular, we evaluate the tax reform by obtaining the simulated distributions of (10) that correspond to the three distributional weights (14), (15), and (18).
Specifications
We specify the model in a log-quadratic form with labor market participation costs. For singles, we specify the structural part of (1) as
where the  and  terms are parameters. The coefficient  in the last term is the fixed cost of labor market participation, which should take a negative value. We allow household characteristics Z i to affect the coefficients on consumption and leisure as
for n = c and l, where  n is a coefficient vector. For married couples, we specify the structural part of (4) as
where the  C and  C terms are parameters. We again allow household characteristics Z i C to affect the coefficients Several studies assume that some or all of the linear term coefficients (19b) and (20b) contain additive unobservable random terms  as
where  is the unobserved heterogeneity. There are three patterns of such randomness. 
Sample and data
To evaluate the tax reform in 1999 with the SMCF, we utilize the data from the Employment Status Survey (ESS) conducted by the Statistical Bureau in 1997, which is the year closest to 1999. We focus on the two samples of households (singles and married couples with or without children) with their heads aged between 25 and 55 years. We exclude households whose earners are (a) self-employed workers, (b) board members of private companies or non-profit organizations, (c) family workers at unincorporated companies, and (d) unemployed because of illness, from the samples.
We also exclude households whose heads had changed their residences or jobs, and those who bore children within the one year that predated the ESS. 
Tables 2a and 2b
The data for gross wages are the fitted values from wage regressions performed separately for men and women. Since the ESS codes hours worked and labor income in intervals, we first construct raw gross wage rates using the middle values of these intervals. We then regress the natural logarithm of this raw wage rate on household characteristics of the dummies for age groups, educational backgrounds, and residence in urban areas. The regressors also include interaction terms among these dummies (interactions between age and education; education and residence; residence and age;
and age, education, and residence). We "heckit" the wage equations with the residuals as the exclusion restriction, from an OLS regression of nonlabor household income on the same set of variables used for the wage regression. Assuming that the error term for the wage equations has a normal density, we obtain the values for W i as exp(
where  i is the fitted value from the wage equation, and s 2 is the sample estimate for the variance of the error term.
We obtain a household's after-tax income (consumption) c i for each alternative in the choice set by calculating tax liabilities as well as cash benefits that correspond to the level of labor supply and to the relevant household characteristics. Appendix B offers 14 the details of the tax liabilities and cash benefits that we consider in this exercise.
Estimation Results
Preference Parameters
The assumption of random coefficients (19b') and (20b') requires us to formulate the discrete choice as a mixture model and estimate its parameters by maximizing the value of the simulated log-likelihood. For each of the three patterns of the unobserved heterogeneity, we attempt to estimate the models by alternatively employing the standard mixed logit model (e.g., Van Soest 1995) and the latent class model (e.g., Hoynes 1996) . 9 However, we only succeed in achieving convergence in the parameter estimates when we use the mixed logit model with (19b') and (20b') only for the consumption coefficient. As pointed out by Pacifico (2013) , this may be because of the computational difficulties that rise with gradient-based maximization algorithms when estimating random coefficient models. Table 3a lists the estimation results with and without the random coefficients for singles, along with the estimates for four cases of different combinations of household characteristics (Models A1-A4). The estimates generally differ between the random and nonrandom models. In addition, we find evidence that the unobserved heterogeneity exists as the estimated standard deviation for the random consumption coefficient is statistically different from zero at the standard levels of significance.
Table 3a
Table 3b provides the estimation results of the five models for couples with different combinations of household characteristics (Models B1-B5). In contrast to the singles cases, we find no evidence of unobserved heterogeneity in all the five cases, as the estimated standard deviations of the random terms are very small relative to the values of their standard errors. Several previous studies have reported this type of insignificant difference between random and nonrandom models, although they did not delineate specific reasons for such insignificance. 10 In fact, our estimation of the random and nonrandom models shows no numerical differences between their corresponding estimates (including standard errors) for at least up to three digits after the decimal point (we thus do not duplicate the result for the nonrandom model in Table   3b ). Since we set the initial values as the values obtained from the nonrandom model while estimating the corresponding random models, this implies that there are no gains in the score of the simulated log-likelihood from changing the initial values. There is also the possibility that this may be due to computational difficulties.
Table 3b
Given these results, we proceed with the parameter estimates from the nonrandom models for both singles and couples. We opt for the deterministic models for couples since we cannot reject them against the random models that might also entail computational difficulties. We also utilize the deterministic models for singles despite the fact that we reject them against the alternatives, simply to avail of comparable results between singles and couples. This choice for singles may be justified, since the implications of the labor supply models do not differ significantly between the nonrandom and random models with unobserved heterogeneity only on the consumption coefficient, even when the random effect is statistically significant.
Despite their frequent usage in simulation studies 11 , we are aware that the nonrandom models may indeed be restrictive. In addition, we could have utilized an alternative method (expectation maximization algorithm) to bypass the computational 16 difficulties that we face when we estimate the nonrandom models (Pacifico 2013) . We nonetheless use the models (19ab) and (20ab) without unobserved heterogeneity (19b') and (20b'). We justify our usage of the deterministic models since our primal focus is not to estimate an elaborate model of labor supply, but to use them as an example of welfare analysis.
We thus test among the four nonrandom models (Models A1A4) for singles with a series of likelihood ratio tests, and select Model A4 against which we emphatically reject each of the other three models. We analogously test among the five models (Models B1B5) for couples, and select Model B5 against which we emphatically reject each of the other four models. In what follows, we thus use the results for Model A4
and Model B5.
The log-quadratic specifications (19a) and (20a) 
Elasticity
Before we obtain the SMCF estimates, we present the simulated elasticity of labor Table 4 presents the simulated elasticity along the intensive margin for those households whose initial labor supply choices were positive (h i > 0). Overall, the labor responses along the intensive margins are small. As listed in the first row of Table 4 , the gross wage elasticity averaged across singles is .016, which is smaller than analogous elasticity for European countries (Bargain et al. 2012 , Table A3 ). The second and fourth rows list the own-wage elasticity for husbands and wives. The average own-wage elasticity is .042 for husbands and .063 for wives. Both values are smaller than estimates provided by previous DCM studies, ranging from .08 to .46 for husbands and from .08 to .65 for wives (Bargain et al. 2012 , Tables A1 and A2 ). However, our results still conform to those of previous studies, in that females are more responsive than males to changes in own wages.
The average values for the cross-elasticity for husbands (the third row in Table 4) and wives (the fifth row) are .008 and .130, which implies that, on average, a husband responds to an increase in his wife's wage by reducing his working hours, while a wife responds to an increase in her husband's wage in the opposite direction. While the survey by Bargain et al. (2012) did not list the analogous values, Van Soest (1995) provided such estimates for three variations of his model. As in our case, he showed that male labor supply responds negatively to female wage rate, although our average (.008) is somewhat smaller in absolute value than the smallest of the three median estimates (.010). On the other hand, he also showed that the medium response of female to her husband's wage rate varies over the three models (.171, .005, and .051).
Our elasticity estimate (.130) is more than twice as large than the highest of the three medians. We also calculate the simulated values for participation elasticity. A 1% increase in gross wages yields K (= 150) sets of simulated labor choices of N households {h 1* k , h 2* k ,…, h N* k }, where * denotes the simulated optical choice. The k-th simulation yields the participation rate  i 1{h i* k > 0}/N and its change
we obtain its empirical average    k  k /K. The participation elasticity for singles is .039, which (as expected) is larger than the corresponding elasticity along the intensive margins (.023). This value is within the range of elasticity (.011.8) provided by previous studies (Bargain et al. 2012 , Table A3 ). The elasticity of wife's participation is .042 for her own wage and .084 for her husband's wage. Compared with the corresponding values of .020 and .045 along the intensive margin, the participation effects are again larger. On the other hand, the elasticity of husband's participation is .017 for his wage and .003 for his wife's wage. The former is smaller and the latter is larger than the corresponding values along the intensive margin (.042 and .008, respectively). Meanwhile, the literature shows that the own-wage effects range from .04-1.51 for wives and from .00-.26 for husbands (Bargain et al. 2012 , Tables A1   and A2 ).
While these values of elasticities-both the intensive and extensive margins-are within the ranges estimated by previous studies, they are indeed located at the lower tails of the estimates. In the ensuing analysis with the SMCF, therefore, we also examine how the result of the welfare analysis changes if we increase the number of households that reduce their labor supply after a rise in personal income tax rate. This increases the average value of labor supply elasticities and provides a robust check for our welfare analysis.
SMCF
We obtain the SMCF (10) by increasing each of the five national marginal tax rates by 1% point. 12 For the distributional weights, we consider (14), (15), and (16) with three values of inequality aversion:  = .4, .8, and 1.2. We also consider the cases with two ad hoc distributional weights n i and n i 1/2 , where the latter equals (16) when  = 0. Our simulation yields 150 values of (10), with which we characterize its average as  k SMCF i k /K as well as its empirical distribution.
The unshaded cells in Table 5 show the average SMCFs for each income bracket, where we multiply the SMCFs for (14) and (15) by 100 because of the small scales of their original values. The table shows that the average SMCF for a 1% increase in the top marginal tax rate is the smallest among the five income brackets for any of the distributional weights, and it decreases in value as the tax bracket increases. Since, as we have mentioned, our labor supply elasticities are lower than those estimated in comparable studies, we examine how the SMCFs change if we make the aggregate labor supply more responsive. For this purpose, we artificially multiply households in our sample that reduce their labor supply after the tax increase and recalculate the SMCFs accordingly. We use the multiplier of 13 so as to obtain the average elasticity of labor supply for couples, which roughly equals to .4, allowing for both the intensive and extensive margins. 13 The shaded cells in Table 5 list the recalculated SMCFs, 14 which
show that our qualitative conclusion is robust to the increase in labor supply responses.
In addition, even the quantitative results are also similar when the SMCFs are based on 12 While we only consider national income taxes, we do allow for other income taxes, such as local income taxes and social security premiums, in order to calculate the effective marginal tax rates and brackets (as explained in Section 3.2). As such, there are more than five effective income brackets when all the taxes are considered. Note also that we excluded a small number of observations (.7%) with anomalous data rendering negative values of c i * /c i . 13 We use the labor supply elasticity of .4 as the "normal" degree of labor response based on the survey by Bargain et al. (2012) . 14 While calculating the SMCFs, we obtain the equivalent effect of this multiplication by placing an additional weight  i on  i , which takes  i = 13/[13N * +(NN * )] if household i reduces labor supply and  i = 13/[13N * +(NN * )] otherwise. Note that N is the total number of households, and N * is the number of households that increased their labor supply. 20 weight (16) (as in Fleurbaey et al. (2013) ) and the last simple weights with n i and n i 1/2 . 15 The other two weights (1415) however yield larger values when the labor supply is more responsive.
Table 5
We may also assess the SMCFs by looking at their empirical distributions. The panels in Figure 1 Since the SMCFs in the top two brackets have some salient outliners, we may look at their histograms directly. We construct histograms for Panel C1C3 with Fleurbaey's distributional weight (16) , which the literature argues is the most appropriate weight for comparing different types of households. The panels in Figure 2 show the distributions of the simulated SMCFs for three inequality aversions. As expected for Panels C1C3 in Figure 1 , the relative positions among the distributions of the SMCFs for different brackets are similar across the three values of inequality aversion. Since the outliners for the top bracket are rather rare, we could argue that the SMCF for the top bracket is often the smallest among the five brackets. We also observe that the upper tails of the fourth-bracket SMCFs overlap the lower tails of the third-bracket SMCFs when the degree of inequality aversion is at its highest. However, the overlap is rather infrequent. In addition, the average values (Table 5) , the mediums (Figure 1) , and the modes (Figure 2) for the SMCFs decrease with the increasing order of income bracket.
Figures 1 and 2
Given these observations, it would be safe to conclude that the SMCF is lower for an upper income bracket. Therefore, according to our analysis, the 1999 reform of national income tax that reduced the top marginal tax rates from 50% to 40% and the second top marginal tax rate from 40% to 30% was not advisable. We could then argue that the Japanese government should have reduced the marginal tax rates in the lower income brackets rather than hold them constant, as it did in the 1999 reform. In other words, the reform should have made the Japanese tax system more progressive.
Conclusion
This study proposed a method to obtain the SMCF that allows for heterogeneity on an individual basis and labor supply responses along both the extensive and the 22 intensive margins. To demonstrate our methodology, we took the example of the 1999 national income tax reform in Japan and evaluated it by estimating the SMCF for changing marginal tax rates in different income brackets before the reform occurred.
Thus, we estimated the DCM of labor supply using a data set of Japanese households in 1997. We also delineated a procedure to obtain an analog of the SMCF that allows for labor supply responses along both the intensive and the extensive margins. We calculated such SMCFs using a micro-simulation method that utilizes the DCM estimates for household preferences as well as a pseudo-random number generator.
Based on the simulated SMCFs evaluated using various distributional weights, we found that the value of the SMCF for a 1% increase in the marginal tax rate in any given income bracket decreases as the bracket moves from the bottom-most to the fourth bracket. This would suggest that the national government should have made the Japanese income tax system more progressive in the 1999 tax reform. Our method is also transferrable to tax reforms in other countries as well.
Our analysis, of course, suffers from some limitations. First, our DCM of labor supply was static, and thus, it did not allow for a dynamic choice of labor supply.
Second, we assumed a collective household whose members cooperatively maximize their household utility and ignored strategic interactions within a household. Third, our model presumed a perfect knowledge of tax codes and did not take into consideration the tax evasion of households. Although these limitations are not straightforward to tackle in the framework of standard DCMs, they constitute avenues for future research.
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Appendix A
Appendix A explains the method of obtaining each of the components in (9) and (10). After we estimate parameters in U(), we calibrate the random component e ij in (2) as follows.
[1] Draw a vector of J random numbers that follow the I-EV distribution. Let e i q  [e i1 q , e i2 q ,…, e iJ q ]' be the q-th draw of such a vector. This yields a set of utility levels
If observed labor choice h i coincides with the choice among the J alternatives that picks up the maximum value in U i q , store e i q as a "successful" draw. Repeat this process to obtain K successful draws {e i 1 ,…, e i k ,…, e i K }.
[2] For a given successful vector draw e i k , we can construct pairs of utility level 0 * ( , , )
and individual tax liability 0 ( , , )
where "j = *" in (A1) indicates that the choice * is optimal for a vector of e i k . Since observed choice h i is the optimal choice by construction, different e i k does not affect the optimal choice and the values of V(h i , Z i ,) and R(W i h i , Z i , ).
[3] Change the tax parameters "slightly," from  to  1 . This will change the deterministic part of utility in (2) from V(h ij , Z i ,) to V(h ij , Z i , 1 ). Using e i k above, we can predict a new labor choice h i** k by selecting the choice that yields the 
[4] Simulate the "marginal" utility of income with a "small" lump-sum increase in nonlabor income , which yields V  (). Using e i k again, select U i* k = max{U i1 k , Table A1 . In calculating the tax liabilities, we make the following compromises due to data limitations. First, while local governments base their taxes on income in the previous year, we use the current income as a surrogate. Second, while local governments can change their tax rates, we use the standard uniform local tax rates as set by the national law, since most local governments adhere to the standard rates. Third, while public insurance premiums differ by place of work, we assume that combined premium rates for the three public insurances-those employed by firms with less than 1,000 employees, firms with 1,000 employees or more, and the public sector-are 13.3%, 14.3%, and 12.9% respectively, with specified ceilings on premium payments. Fourth, for deductions and exemptions, we consider Employment Income Deduction, Basic Exemption, Spousal Exemptions, Exemptions for Dependents, and Social Insurance Premium Deductions, with the additional assumption that 20% of nonlabor income is deductible.
Table A1
For cash benefits, we consider child allowance. If households with children have annual earnings that are less than certain levels of income, they are entitled to child 29 allowance. The eligibility depends on the level of household income as well as the number of children at specific ages. The income threshold varies as family size changes.
In FY 1997, families with children aged three years or younger were eligible if their annual income was below 3.25 million yen (US$ 32,500), with the income threshold increasing with the number of dependents within the household. The 1997 monthly benefits per child depended on the number and composition of the children: 5,000 yen each for the first and second children and 10,000 yen each for the third and subsequent children.
The government also offers another type of child allowance called the child rearing allowance. However, since this targets single mothers only, we do not consider it here. Public assistance (PA) benefits may also be worth considering. PA benefits compensate for the difference between the minimum cost of living and the maximum possible earnings of a household. However, it is impossible to obtain individual PA benefits from the observed income data, as income is not the only variable used to determine eligibility for benefits. The means tests consider multiple characteristics of the applicants. The applicants have to exhaust all of their financial assets and prove that they have no support from their family and relatives. If the authority considers that the applicants are able to work, their chances for receiving benefits become quite slim.
Fortunately, the proportion of households receiving PA in our samples is negligible; in 1997, the ratio of the number of households receiving PA to the total number of households was 1.41%. In addition, the heads of 93.3% of households receiving PA were the elderly ( 65 years if male and  60 years if female), single mothers, the injured, the sick, and the disabled, all of whom are excluded from our samples.
Therefore, the share of households receiving PA in our sample should be less than .095% [= .0141  (1  .933)], and plausibly, even less. See Hayashi (2010) for a general explanation about Japan's social protection system. Note: We calculate the SMCFs in the shaded cells using a hypothetical sample, where we multiply each of the responsive households by 13 so that the aggregate elasticity of the labor supply of married couples roughly equals .4. Not over 10,000, 10% Not over 10,000, 10%
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